I The emotional negativity bias was explored in an emotional face-word Stroop task. I The differentiation between fear and happy started at about 60-90 ms. I The early differentiation was manifested at the posterior electrode sites. a r t i c l e i n f o 
Introduction
Emotional expressions provide universal signals of one's emotional state and communicate reactions to biologically salient events in the environment. Signals of potential danger, which are associated with the need to avoid harm, take particularly high precedence [20] . Substantial evidence suggests neural responses to negatively valenced stimuli such as fear, are enhanced relative to responses to positive or neutral stimuli, reflecting an emotional negativity bias [19, 18, 17] , and there is some evidence that the earliest visually evoked potential component, termed the C1 [15] , is sensitive to the emotional valence. The main aim of the present study was to investigate whether the fearful face evoked a larger C1 than the happy face in an executive attention task.
A great number of studies have showed that emotional negativity bias could occur in several temporal stages [10] . A large proportion of research findings found, at the early stage, several ERP components (e.g., P1, N1, about 100 ms after the stimuli onset) elicited by negative stimuli have been found to be more pronounced than those elicited by positive and neutral stimuli. This stage mainly distinguishes potentially threatening facial expression from the other expressions. The emotional negativity bias may be attributed to processing in this stage. However, several previous studies have shown emotional valence can modulate a component in the C1 latency range [15, 14] , which is earlier than the P1 and N1 time range. Employing high-density electroencephalography (EEG), Pourtois et al. [14] found that fearful faces elicited greater C1 amplitude (peaking 80-100 ms after stimulus presentation) than happy ones. The early event-related potential (ERP) component C1, is thought to represent activation of primary visual cortex (V1), though recently it has been suggested that V2 or V3 may also be the source of C1 [1] . The early C1 valence effect is consistent with the view that fear processing has a fast and automatic subcortical route to the amygdala [21] .
Nevertheless, the C1 component was not consistently modulated by emotional valence. Thus, consistent with the literature that valence-related C1 effects have not been consistently observed across previous studies [10] , the optimal conditions for eliciting such effects remain uncertain. Whether the C1 modulated by the emotional valence may be related to the attentional process involved in the task. The orienting network may be particularly relevant for C1 sensitivity to emotional valence as a previous study indicated that a fearful face stimulus evoked a larger C1 than a happy face stimulus in the orienting network [14] . According to the attention network theory, attention involves three major, largely independent functional networks: the alerting, orienting and executive control networks [10] . Briefly, the alerting network involves maintenance of the alert state. The orienting network is involved in the selection of and orienting toward sensory information. And the executive control network refers to the process of resolving cognitively incongruent stimuli. It has not yet been clarified whether C1 is larger for fearful versus the happy faces in an executive attention task.
The anterior cingulate cortex (ACC) is the key neural basis of the executive attention network [6] . Recently, studies revealed that brain regions implicated in human executive control are also critically involved in processing negative emotion. For example, affective visual stimuli trigger a greater mobilization of resources than neutral stimuli in attention-related areas in the ACC [3] . Such findings raise questions about how much processes related to executive control and negative emotion processing interact. Indeed, negative emotion has been reported to have the capacity to enhance executive control in a flanker task [9] , and individuals with high control capacities show enhanced processing of negative emotion compared with control subjects [13] . Such findings support the notion that processing of negative emotions may be prioritized in executive attention tasks.
The main aim of the present study was to investigate whether a fearful face stimulus evokes a larger C1 than a happy face stimulus in an executive attention task.
We employed the emotional face-word Stroop task, a paradigm generally used to examine the executive attention, in which a face image is presented with a word that may be congruent or incongruent with the emotion being expressed by the face [6] , together with ERP analysis, which allows for high temporal resolution of neural activity and thus is particularly well suited for investigating the temporal sequence of emotion processing. Given the key role of ACC in the emotion-attention interactions [3] , we predicated that ERPs generated in response to fearful and happy faces would differentiate at an early processing stage in the emotional conflict task, and potentially replicate the fear modulation effect in the early C1 time window.
Methods

Participants
Sixteen healthy right-handed subjects (7 male and 9 female) were recruited from Beijing Normal University. The average age was 22.5 years (SD = 2.1). They had no history of brain injury. The subjects were paid for their participation. One male subject was excluded for analysis due to excessive artifacts.
Stimuli and procedure
Happy and fearful facial expression photographs were each consisted of 10 male and 10 female faces selected from Chinese facial affective picture system [2, 22] . The Chinese words " " ("yukuai", means happy) or " " ("kongju" means fear) written in prominent red color across the faces, such that the valences of word and expression were either congruent or incongruent (Fig. 1) . Stimuli and example timelines used in the emotional conflict task. Subjects were asked to identify the affect of faces with fearful or happy expressions that had either "fear" or "happy" written across them. Stimuli were either congruent or incongruent with respect to facial expression and word, which created emotional conflict.
The size of the Chinese characters in bold face was about 1
The trial sequence was the same as Egner et al.'s study [6] . The present experiment consisted of 24 blocks, each block contained 37 presentations of congruent and incongruent stimuli (the first one was not included). Each trial began with the presentation of a fixation for 1500-1800 ms. After the fixation, the stimuli (3.5 wide, 5 high) appeared in the center of the screen. Stimuli were presented for 1000 ms. Subjects were instructed to respond as quickly and accurately as possible, by pressing response buttons corresponding to "happy" (right index finger) or "fear" (right middle finger) for the expression of the face. Subjects were seated in a room facing a monitor placed at 80 cm distance from the eyes.
ERP recording
The electroencephalogram (EEG) was recorded from 64 scalp sites using tin electrodes mounted in an elastic cap (NeuroScan Inc., Herndon, VA, USA) according to the International 10/20 System. Horizontal electrooculogram (HEOG) was recorded from electrodes placed at the outer canthi of both eyes to record horizontal eye movement. Vertical electrooculogram (VEOG) was recorded from electrodes place above and below the left eye to record vertical eye movements. All electrode recordings were referenced to an electrode placed at the right mastoid. And the impedances of them were all maintained below 5 k . The EEG and EOG were amplified using a 0.05-100 Hz bandpass and continuously sampled at 500 Hz/channel.
Data measure and analysis
After data acquisition, the EEG data were re-referenced offline to linked mastoid electrodes by subtracting from each sample of data recorded at each channel one-half the activity recorded at the left mastoid. Ocular artifacts were corrected with an eye-movement correction algorithm suggested by Gratton [7] . The EEG data were low-pass filtered below 30 Hz (12 dB/oct). Separate EEG epochs of 1000 ms (200 ms baseline) were extracted offline for the stimuli. Error trials were discarded from all analyses. All trials in which EEG voltages exceeded a threshold of ±50 V during the recording epoch were excluded from analysis. C1 (60-90 ms) was analyzed at the Oz, O1, O2, POZ, PO3 and PO4 electrode sites (peak to baseline). For the C1 amplitude analysis we used the following within subjects factors: face valence (two levels: fearful face and happy face), conflict (two levels: congruent and incongruent) and electrode site (six levels: Oz, O1, O2, POZ, PO3 and PO4). For all analyses, p values were corrected for deviations according to Greenhouse and Geisser [8] . 
Results
Behavioral performance
For the behavioral result, error trials (about 4% of the total) were not analyzed. The overall conflict effect in response time was significant, t (1, 14) = 7.86, p < 0.001. Congruent trials were responded to faster than incongruent trials. The conflict effect in error rate was also significant, t (1, 14) = 5.21, p < 0.001. Errors were less in congruent trials in than incongruent trials.
ERP data
The ERP results were shown in Fig. 2 . For the C1 amplitudes, repeated-measures ANOVAs showed that the main effect of valence was significant, F (1, 14) = 13.88, p = 0.002, a main effect of electrode, F (1, 14) = 10.70, p < 0.001, the interaction between valence and electrodes significant, F (5, 70) = 6.25, p = 0.001. The main effect of congruency and other interactions were not significant, p's > 0.09.
For the latency, repeated-measures ANOVAs showed that the main effect of electrodes was significant, F (5, 70) = 6.24, p = 0.003. The main effect of valence and congruency and other interactions were not significant, p's > 0.09.
To investigate the habituation effect, we split the whole blocks as first half (12 blocks) and second half, and made a two factor repeated ANOVA for emotion factor (fear and happy) and block factor (first half and second half). Result indicated the block effect was not significant.
Discussion
The present study revealed that fearful faces evoked a larger C1 than the happy faces, which peaked 60-90 ms after the stimulus onset at posterior sites. This C1 effect was not modulated by the congruency (i.e., concurrent presentation with fitting vs. conflicting words) and there was no effect of block period.
The lack of an effect of congruency on ERP modulation indicated that early differentiation was not modulated by the ACC-related conflict control network. The conflict related studies [16] have shown that, ACC involvement in conflict monitoring or conflict control occurs at least 200 ms after stimulus onset, more than 100 ms after the differentiation between fearful and happy faces observed in our study. We cannot exclude the contribution of the other attentional functions of the ACC in the present results. Dosenbach et al. [5] found the ACC related attentional network operates in a long strategic mode rather than in a trial by trial mode. Due to the conflict engendered by the emotional face-word Stroop task, subjects needed to expend mental effort to complete the task. Hence, it is possible that the ACC might have contributed to the C1 effect via a state mode, though not on a trial by trial basis.
Given that each condition contained more than 400 trials, it is important to determine whether stimulus repetition led to an adaptation of emotion processing that could in and of itself result in different rates of habituation for fearful versus happy faces [4] . Adaptation effect of emotion processing is thought to be reflected in the N1 component which occurs more than 100 ms after stimulus presentation [4] . Importantly, the modulation effect observed in the present experience occurred earlier than N1. Moreover, in addition to the fact that our ANOVA showed no effect of block period, we found no interaction between block period and trial emotion (fearful and happy). Cortical facilitation of fear expression processing was apparent early in the first half of the trial block and did not habituate during the second half. Hence, we can have confidence that the observed condition differences cannot be attributed to fatigue or habituation.
Whether the presently observed early differentiation between fearful and happy faces can be attributed to the previously characterized C1 per se remains to be clarified. Recent studies using EEG recordings over the scalp, the C1 component can only be produced when stimuli are presented in the upper or lower visual field [15, 14] . However, in the face-word Stroop task, as employed here, the stimuli were presented centrally. As described previously, presentation of faces centrally or along the meridians prevents visualization of early retinotopic effects in C1. However, inspection of the present data on the single-subject level indicated that the fear modualtion of the early electrocortical response was highly consistent across individuals. Hence, in the present study, we emphasized the timing of the effect without assuming its source. It is possible that the early modulatory effect manifested as C1 rapidly following stimulus onset may be caused by direct feedback effects exerted from distant deep limbic structures, such as the amygdala, onto the occipital cortex, including V1. Indeed, although C1 was first attributed to V1 [14] , other regions-including the V2, V3, the bilateral ventral occipito-temporal regions and the right anterior medial temporal regions have also been implicated in the C1 effect [11] . Thus further studies are needed to elucidate the source of the C1 in emotional task.
One point to consider is that we cannot completely exclude some impact of task-irrelevant word processing during the present task because we used word present with face simultaneously. Due to the technical limitation used in the present study, we cannot isolate task-relevant face processing and task-irrelevant word processing as the previous fMRI study did [12] . Though we cannot exclude the contamination of word processing completely, our observation that the early differentiation between fearful face and happy face was not modulated by the congruency of the trial in the present study, indicated the processing of word is likely has no influence on the processing of the face in so early time window.
In conclusion, the present study, supports the notion that fearful face processing may take priority over happy face processing in the executive attention system, which manifested as an enhanced C1 for the fearful face than the happy face. Future research should explore whether the C1 effect exists in other attention system, such as the alerting system.
